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Introduction/Abstract: 
Thermal and visual comfort play a very important role regarding the satisfaction of occupants 
with their working environments. The most effective method to achieve thermal comfort in 
offices is to reduce cooling loads in order to avoid additional energy-consuming devices for 
cooling. Building simulation software can be a helpful tool for optimisation, and typically 
standard values for the influencing parameters are used in order to ensure compliance to 
norms and regulations. 
 
In practice many of those parameters turn out to be different compared to the simulation 
assumptions and the reasons may be the chosen room or building related properties as well as 
the user behaviour influenced by the task and the corporate culture of the company.  
 
This paper investigates exemplary for the climate of Hamburg, Germany and a naturally 
ventilated typical office room, the optimisation potential of the building- and user-related 
parameters for thermal comfort, daylighting and view when using realistic input data for 
building simulation. The study has been conducted with the EnergyPlus based simulation 
software “Primero-Komfort” [1]. 
 
Keywords: thermal comfort, visual comfort, internal heat loads, user behaviour, building 
simulation 
 
1. Description of input parameters 
 
1.1 Climate change and weather data  
The commonly used weather data for Hamburg are standard values for the 20th century or test 
reference years. According to investigations [2], these data are not valuable for the evaluation 
of overheating in summer, as simulation results underestimate the amount of overheating 
hours significantly.  
 
Since greenhouse gas emissions within 1970 and 2004 have increased by 70% (IPCC) 
causing an already perceivable increase of temperatures as well, projections of the 
Intergovernmental Panel on Climate Change [3] for the 21st century predict an even stronger 
effect, resulting in a warming of about 0,2°C per decade for the next two decades. 
Taking these predictions into account, two weather data sets for the city of Hamburg have 
been chosen for the investigation. One is representing an average summer within the last 
decade, corresponding with measured temperature data [4] for the year 2007. And the second 
data set is corresponding to measured weather data for the hot summer of the year 2003, 
possibly representing an average summer in future. All weather data have been generated 
with Meteonorm 6.0 [5].
 1.2 Room geometry 
 
The investigated room is a typical cellular 
office, which can be occupied by one or two 
persons. It is assumed to have one façade, 
and to be surrounded by rooms with similar 
temperature. The façade orientation is 
considered to be either north, east, south or 
west. 
 
width (facade) = 5,0m  
room depth      = 4,0m  
room height     = 2,5m  
 
 
1.3 Construction and thermal mass 
Three different constructions types have been chosen for the investigation, representing 
different thermal storage capacities. “Light” provides flexibility regarding future changes of 
the room geometries, but does not offer any thermal storage with a light construction of the 
façade, interior walls made of gypsum plasterboard, acoustic ceilings, and false floor 
construction. “Medium” differs from “Light” in providing thermal storage in the façade (solid 
wall) and in a ceiling with suspended gypsum boards. And, finally, “Heavy” provides most 
thermal storage to the disadvantage of flexibility with solid façade and interior walls as well 
as solid slap and screed floor finish instead of false floor. 
 
For all façade types the heat transfer coefficient is assumed to be 0,18W/m²K.  
As research regarding the airflow within a room [6] revealed, it is optimistic to assume that 
the whole thermal mass of a room can be considered as effective for heat storage. Usually the 
fresh, cold air soon drops to the floor after entering the room, and does not necessarily reach 
the rear part of ceiling or walls. To consider this effect in simulations, only the façade 
oriented half of walls, ceiling and floor is assumed to have storage capacitiy. 
 
1.4 Glazing 
Two different glazings have been used for the building simulations. A double structure 
thermal insulation glass (U= 1,1W/m²K, energy transmission = 60%) with a good 
cost/performance ratio which is widely-used in new or renovated buildings. And a double 
structure solar control glass (U=1,3W/m²K, energy transmission= 33%), which is more 
expensive but provides a better thermal protection in case of high solar gains. Both glazings 
are colour-neutral in order not to affect the view. 
 
1.5 Window area 
The window size in buildings is usually a design-related decision by architects and owners 
with the intention to create a special appearance or a philosophy on the one hand. On the 
other hand window size is often a reference to neighbour buildings, the urban situation with 
streets, views and historical background, as well as a matter of privacy and overheating 
protection. Due to this variety of parameters the decision process for the window area of 
buildings and rooms cannot be separated from the location of a building.  
 
Another aspect is the satisfaction of occupants with the window area of their room regarding 
quantity and quality of the view, privacy, and daylight distribution. Field studies lead to the 
 conclusion [7] that occupants tend to prefer horizontal windows, and that they would accept a 
minimum window area of 20-30% as satisfying. Satisfaction is increasing with window area 
ranging to 100% depending on the situation. Therefore 30%, 60% (horizontally placed) and 
100% window area have been chosen for this investigation, to exemplary demonstrate the 
influence of window size. 
 
1.6 Shading, Shading control, daylighting and view 
For this investigation all windows are considered not to be shaded by opposite or neighbour 
buildings. This might not be realistic for all inner city locations, but it results in higher solar 
heat gains and is therefore a safe assumption regarding the evaluation of thermal comfort and 
view.  
 
The investigated shading device for the room is a widely-used exterior venetian blind, colour 
white aluminium (RAL 9006), and façade integrated in a way that ensures natural ventilation 
even in activated mode. The blind is wind resistant up to 6 Bft. which is suitable for the 
climate in Hamburg, where windforces above 6 Bft. rarely occur in combination with a sky 
condition requiring shading. Blinds are considered either as fully lowered or fully retracted. 
Compared to other shading devices, the advantage of a venetian blind is the flexibility 
regarding daylighting and view in activated mode by adjusting the slat angle. 
 
User control of blinds is based on the adaptive principle ‘If a change occurs such as to produce 
discomfort, people react in ways which tend to restore their comfort’  (Humphreys and Nicol) 
[8].  
 
As Rea [9] states there is a variety of factors influencing the occupant positioning of window 
blinds like orientation of the window, time of the day, weather conditions, seasons, latitude, 
work station position,  occupant activities and habits and artificial lighting characteristics and on 
the average occupants tend to control shadings  in order to block solar radiation (heat and light).  
 
As recent field studies [10] revealed, the behaviour of occupants may be active or passive. 
Concerning the blinds, active users switch the shading on or off or adjust the slat angle more 
often and therefore probably have a stronger need for visual comfort than passive users. 
Because interactions of thermal and visual comfort are therewith more obvious, in this study 
active users are assumed, who are keeping the blinds open as often as possible in order the 
improve daylighting and view.  
 
The most common reason for activation of the shading device is therefore assumed to occur if 
discomfort by solar heat gains or glare or the need for privacy predominates the desire for 
daylight and view. And the main reason for opening the shading again is assumed to occur if 
perceived discomfort by heat, glare or lacking privacy is reduced and the desire for daylight 
and view is becoming predominant. Unless heat or glare, regarding the privacy, the user 
behaviour will not be depending on climate or weather conditions, but on the building, floor 
level and surroundings. Therefore this aspect will not be considered in this study.   
 
While the discomfort sensation “heat” can be defined using the operative indoor temperature, 
“glare” is far more difficult to predict. As Bülow-Hübe [11] states, there seems to be a large 
individual range regarding how much glare people tolerate and that it is difficult to predict 
the need for shading devices by common measurable factors, although a correlation between 
the activation of shading devices and the existence of sun patches in the room could be found. 
Tuaycharoen et al [12] investigated the interactions of glare and view, revealing that the 
 occupant’s interest in a view has a greater effect on comfort than the relative brightness range 
and that natural scenes were considered less glaring than urban scenes and three layer views 
were associated with less discomfort glare than one layer views. Sutter et al [13] showed that 
the higher the quality (=screen luminance) of a VDU screen, the more likely an occupant was 
to tolerate high levels of diffuse reflections on it. They also indicated an increased percentage 
of opened blinds when the temperature in the office was below 26°C. 
 
In building simulation it is very difficult to consider all those interdependencies, and 
especially the attractiveness of a view can only be considered in connection with a specific 
location. Therefore only the coverage of the window by an activated blind and the resulting 
amount of view can be considered in this parametric study. Regarding the shading control an 
approximation has been used: It is assumed that glare is most likely to occur if the sun is 
shining on the façade, so this has been chosen to be the “glare”- criteria to close the shading 
device. Regarding the discomfort criteria “heat” it is assumed that both, a room air 
temperature above 26,0°C and at the same time direct sunlight on the façade will bring the 
occupant to close the blind. As the glare criteria assumes that direct sunlight hardly enters the 
room, regarding thermal comfort, this control principle can be considered as too optimistic 
because if it is not causing glare or heat the sun is very welcome in most offices in Hamburg. 
On the other hand the heat criteria does not consider the fact that glare may occur at 
temperatures below 26°C as well, therefore the “real” user behaviour will be somewhere in 
between those two criteria, and for thermal considerations simulations with the heat criteria 
will be on the safe side. This differs regarding daylighting and view. An activated Venetian 
blind is useful to prevent overheating, but concurrently it decreases the provision of daylight 
and view to the outside. As a consequence daylight autonomy is reduced and the use of 
artificial lighting will increase affecting energy consumption as well as the heat balance of 
the room.  
 
1.7 Facade design, air exchange rates and window opening behaviour 
Usually for thermal comfort simulations air exchange rates are considered constant during 
occupancy as well as at nights or on weekends. Common values for natural ventilation via 
one facade are 1 1/h for occupied periods and 1,5-2 1/h for night ventilation.  
 
According to investigations regarding the effectivity of air exchange in naturally ventilated 
office rooms [14, 15, 16, 17] these values are changing significantly during day or night and 
depending strongly on a variety of factors. These are particularly the difference between 
indoor and outdoor temperature, windspeed -direction and -fluctuation, placement of 
windows within the façade, cross-sectional area for air exchange of ventilation openings,  
horizontal and vertical arrangement of ventilation openings,  depth of window reveal, 
placement of  heating devices related to windows, window decoration (flowers, curtains), and 
window opening behaviour of  occupants. 
 
Using simulations based on measured data Richter, Seifert et al [14] showed for a typical 
naturally ventilated (via one facade) office room a strong dependency of the energetic 
efficient air exchange rate on differences between inside and outside air temperature as well 
as on location and dimensions of ventilation openings within the façade.  
 
The influence of these aspects on the interactions of thermal and visual comfort has been 
investigated in this study, adapting the façade configurations and dimensions used by Richter 
et al in order to ensure applicability of results. Regarding the resulting air exchange rates, 
hourly values for outdoor air temperature (weather data) and room air temperature 
 (simulation results) have been used.  
        
 
 
Exemplary for window area 60%, the different investigated façade (design) configurations 
are shown in pictures above.  
 
The chart below shows the energetic efficient air exchange rate [1/h], depending on the 
temperature difference average indoor air temperature - outdoor air temperature for different 
façade variations  with bottom hung windows (angle 6°, for horizontal windows angle 
adjusted in order to create a similar area of air exchange) according to the findings of [14].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Another important aspect of natural ventilation by manually operated windows is the window 
opening behaviour of occupants. Based on field studies during occupied hours, Rijal et al [18] 
showed that the proportion of windows open is a function of indoor and outdoor temperature. 
They found out that people are most likely to open windows when both temperatures are 
 high. The resulting “Humphreys adaptive algorithm” offers the possibility to implement these 
findings into building simulation by providing a probability of windows open for each 
calculated time step.  
 
In this study for occupied periods, the hourly air exchange rates resulting from the findings of 
Richter et al have been multiplied with the hourly probability for windows open resulting 
from the Humphreys adaptive algorithm. For periods beyond working hours, at nights or on 
weekends, there are no data available regarding the window opening behaviour. As 
recommended by the authors the Humphreys adaptive algorithm is used for these periods as 
well assuming the occupants decide whether or not to keep their windows open.  
 
1.8 Occupant density 
Usually the occupant density in a room is a matter of hierarchies and/or the task. Often 
employees in a higher hierarchical position have single rooms and more m² per person than 
lower hierarchical positions. Additionally some specific tasks might require single occupancy 
in order to provide privacy or not to disturb colleagues. The number of persons working in a 
room together with the related office equipment influence internal heat load in offices. 
 
1.9 Occupancy 
Usually the diversity profile in office buildings varies from one company to another. 
Additionally the amount of time employees spend in their office is individually different 
according to their task.  
 
For building simulation there are different diversity profiles for offices available. In order to 
use realistic data for this study a profile has been developed which is comparable to the 
findings of Rubinstein [19] who investigated occupancy profiles in field studies. It assumes a 
working time from 7am to 7pm and is shown below. 
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1.10 Artificial lighting and lighting controls 
Artificial lighting in offices is in the first place depending on the specific office task and the 
question in how far the lighting concept is supposed to be decorative (e.g. high prestige 
offices, and offices with customer traffic) or purely functional. 
 
Regarding the installed lighting power, it is always a question of the combination of 
luminaire, lamp and ballast, and therefore there is a broad variety of possibilities, each 
resulting in different energy consumption.  
 
 To show the range of influence the artificial lighting design has on thermal and visual 
comfort, two different variants for the investigated room have been developed using the light 
design software “relux” [20], each fulfilling the requirements of DIN EN 12464-1 [21]. 
 
 
 
It is possible to define active or passive users for lighting controls in the same way as for 
shading controls. Active users are supposed to switch/dim the light on or off according to the 
daylight illuminance, and passive users are assumed not to switch off or dim the light if there 
is enough daylight. The latter may result in lighting being switched on the whole day. For this 
study different lighting control strategies have been investigated, “lighting on during working 
hours”, representing the behaviour of passive users, “lighting on/off according to daylight” 
representing an active user, and “lighting dimmed+on/off according to daylight” representing 
automatic control or (very optimistic) active users using the dimming control. 
 
1.11 office equipment and intensity of use 
The use of equipment in offices is strongly depending on the performed task, therefore there 
is not only one configuration applicable to all office environments.  
 
First the needed equipment has to be chosen. For screen handling, equipment per person 
range from e.g. processing task using a standard computer, screen and printer to e.g. an 
advertising agency needing powerful computers and special screens and high resolution 
colour printers plus additional devices consuming much more energy than the processing 
task.  
 
artificial lighting "standard"
Specifications
price (single purchase)
installed lighting power
room relatred lighting, surface mounted luminaire with specular louvers, 6x 1FD, 58W, 5200lm (T8) with
magnetic ballast
room layout
   ~ 150 Euro
     20,1 W/m²
artificial lighting "optimised"
Specifications
price (single purchase)
installed lighting power
task area lighting, pendant luminaires, with micro-prismatic light redirection, 4x 1FDH, 54W, 4450lm,
(T5) with electronic ballast
room layout
   ~ 370 Euro
     12, 4  W/m²
 And second the intensity of use of these devices is important, that is the question how many 
hours they spend in “on-“, “standby-“ or “off-“ mode.  
 
A third aspect is the fact that most devices are still consuming energy in “off” mode if they 
are still connected to the power supply. This cannot be avoided for devices which are needed 
during non office hours like phones, faxes or servers, but for all other devices it would be 
energy-saving to disconnect them from the power supply (e.g. switchable power strip) at 
nights or on weekends. Therefore two different versions for „off“-mode have been 
considered, one connected to power supply and the other disconnected. 
 
To be able to investigate the range of influence different tasks and equipments have on 
thermal and visual comfort in offices, three exemplary configurations have been chosen, 
representing a low- medium- and high energy consuming task. The values for “on”, 
“standby”, and “off” mode as well as profiles for use have been taken from EU-energy-star 
database [22], representing a state of the art (2/2008) level of energy consumption.  
 
Copiers and  servers, although very energy consuming devices have not been considered in 
these configurations. Due to their negative effect on indoor air quality is not recommended to 
place them in the office. 
 
 
 
 
 
devices
Value PC
Value 19” LCD monitor
Phone + answering machine
Ink jet colour printer 
total (off = connected to power supply)
total (off= disconnected from power supply)
PC and LCD replaced by value laptop
total (off = connected to power supply)
total (off= disconnected from power supply)
Power [W/person] in different modesLOW, e.g. processing task
on
100
38
2
1
141
141
25
25
standby
10
1,5
2
1
14,5
14,5
14
14
off
5
1,2
2
1
9,2
0 (2)
6
0 (2)
devices
Power [W/person] in different modesMEDIUM, e.g. secretary task
on
146
38
2
7
12
205
205
57
57
standby
10
1,5
2
7
12
32,5
32,5
26
26
off
5
1,2
2
7
12
27,2
0 (14)
24
0 (14)
multimedia PC
Value 19” LCD monitor
Phone + answering machine
Value Laser printer (20ppm)
Fax (fast >10ppm)
total (off = connected to power supply)
total (off= disconnected from power supply)
PC and LCD replaced by large laptop
total (off = connected to power supply)
total (off= disconnected from power supply)
  
 
2 Evaluation of thermal comfort, daylighting and view 
 
2.1 Thermal comfort  
In this study thermal comfort is evaluated according to the adaptive principle assuming that in 
naturally ventilated buildings the preferred thermal sensation of occupants is not a fixed 
neutral temperature, but varying depending on indoor and outdoor temperature, the amount of 
personal control provided, expectation, and possibilities for adaptation.  
 
DIN EN 15251 [23] introduces an adaptive thermal comfort evaluation method based on 
operative indoor temperatures and using a classification into four categories. Class I is 
recommended for high thermal expectations while class  II is recommended for normal 
thermal expectations and  proposed for new and renovated buildings. Class III represents 
acceptable thermal expectations applicable for existing buildings. Finally, class  IV represents 
values beyond the above mentioned categories which should be applied only to a small part 
of the year.  
 
Aim of this study is a classification in class II for all variations. As recommended in EN 
15251 a maximum of 5% overheating hours is permitted for each category.  
 
2.2 Daylighting 
As Dietrich [24] describes, the required amount of artificial light in interior spaces is set at a 
level required for minimum comfort. Daylight in interior spaces often reaches considerably 
greater light levels, which is perceived to be more pleasant. A further advantage of daylight is 
its potential for energy saving, if artificial lighting is switched off when there is enough 
daylight. 
 
Additionally as Webb [25] states, daylight has a range of influences on the human. In addition 
to vision it has implications for sleep/wake states, alertness, mood and behaviour. Therefore 
optimising daylighting in buildings can result in health benefits as well as increased safety 
and productivity.  For this study daylight autonomy is considered the indicator for 
devices
Power [W/person] in different modesHIGH, e.g. advertising agency
on
250
74
2
15
11
352
352
82
82
standby
20
2
2
15
11
50
50
15
15
off
10
2
2
15
11
40
0 (2)
13
0 (2)
workstation
1x system 17” CRT  or 2x value 22”LCD
Phone + answering machine
Colour laser multi function device 6-12ppm
Value A4 scanner 
total (off = connected to power supply)
total (off= disconnected from power supply)
PC and one screen replaced by large laptop
total (off = connected to power supply)
total (off= disconnected from power supply)
profile
Hours in different modes [h]Intensity of use
on
2
4
8
4
24
standby
9
5
2
20
0
off
13
15
14
0
0
Light
Average
Busy
Never off
Always on (e.g. servers)
 daylighting, because it demonstrates the amount of working hours with sufficient daylight 
and conclusions regarding the related energy consumption for artificial lighting can be drawn. 
 
2.3 View  
To be able to evaluate the amount of view depending on the coverage of the window by an 
activated blind, a prototype for a classification has been developed applicable for the specific 
venetian blind used for this investigation (slat width= 8cm, slat separation= 5cm, slat 
thickness= 0,1cm). Therefore two aspects are considered important: window area and 
shading. Although further investigation would be needed, as a first approximation the 
following classification of view depending on the shading is considered only to be applicable 
to window areas of >= 30% due to the findings of Galasiu. 
 
 
View with activated venetian blinds,
slat angle >=40° to horizontal.
The field of vision is mostly obstructed,
 it does not provide the occupant with
enough information to observe
 what is going on outside
view classification description
minimum window area =30%,
unobstructed view
with deactivated blindsA
(no blinds / deactivated)
example
B
View with activated venetian blinds,
slat angle 0°- <40° to horizontal.
The field of vision is partly obstructed,
 but it can still be observed what is
going on outside.
(slat angle 0°)
 (slat angle 30°)
C
(slat angle 40°)
 The classification of view obstructed by a venetian blind is based on the assumption that 
occupant satisfaction of view as seen from the workplace is decreasing with the percentage of 
available information from life outside which is covered by an activated shading. For the 
specific Venetian blind used in this study the following classification has been developed, but 
has not been validated yet and should only be considered as a first attempt to classify the 
quantity of view. 
 
3 Simulation results 
 
3.1 general remarks 
The investigation of  simulation parameters and their influence on thermal and visual comfort 
is still ongoing. Therefore results presented below represent the current status quo based on 
the described input parameters, and should be considered as preliminary.  
 
The results of all simulations refer to a standard configuration of parameters which is 
described in the table below.  All other configurations have been named after the changed 
parameters compared to the standard configuration in order to improve comprehensibility. 
Although the impact individual parameters have on thermal and visual comfort might change 
according to the chosen configuration, the possible range of influence can be demonstrated.  
 
3.2 Weather data 
The chosen weather data are a very important factor of influence on the resulting comfort. 
Using Hamburg standard weather data leads to the most optimistic but at the same time least 
realistic results, regarding the comparison of weather data with measurements. The weather 
data set for 2007 represents an average of the last decade. The results, although depending on 
façade orientation as well show a different thermal comfort evaluation compared to the 
standard weather data. An east facing room with standard weather data would be classified as 
class I and using 2007 weather data the same room would be classified as class II, which 
would still be acceptable for new and renovated offices. Regarding daylight autonomy and 
view the difference between those two weather data is not significant, resulting in slightly 
better results for standard weather data. Using weather data for a hot summer like 2003 
results in a more significant difference. For the above mentioned east facing room and 2003 
weather data, the resulting thermal comfort will be classified as class III. The resulting 
daylight autonomy and view vary depending on the resulting hours with shading on. The 
comparison shows the impact of the chosen weather data for summer comfort simulation, and 
indicates a significant influence of the climate change on thermal and visual comfort in 
future.   
configuration: standard
Investigated parameter
Weather data
Orientation
Window area
Occupant density (persons per room)
Artificial lighting configuration
Illuminance
Lighting control
Office equipment
office equipment: Intensity of use
Thermal mass
Glazing
Shading control
Slat angle Venetian blind
Configuration of ventilation openings
Chosen configuration
Year 2007
South
60%
2
Optimised
500 lux
On/off + dimmed (active user)
Medium, laptops
Average, disconnected at nights + weekends
Medium
Solar control glass
Heat criteria
Closed (=80°)
Façade design variation 5
  
3.3 Orientation 
For the chosen configuration using thermal insulation glass, the resulting comfort differences 
are significant regarding the façade orientation. While the room with south and east 
orientation only reaches class IV, the same room with west facing façade can be classified in 
class III, and with north facing façade in class I. Changes in daylight autonomy are not very 
significant, but differences regarding view range about 10% from south to north for the 
investigated configuration of parameters. These results indicate a thermal comfort 
optimisation potential regarding the orientation of building facades as well as concerning the 
placement of rooms with different internal heat loads within the building. 
 
 
3.4 Wndow area 
Simulation results indicate that window area plays a very important role in comfort 
evaluation. The investigated standard configuration, with a window area of 60% results in 
thermal comfort class II, while with a  window area of 100% resulting thermal comfort will 
only correspond to class III.  A smaller window area of 30% leads to even better thermal 
comfort. Generally it can be concluded that the smaller the window area, the better thermal 
comfort in the room. Here the interactions with visual comfort are important, too. Regarding 
view, the amount of hours when no shading is needed increases with decreasing window area. 
Because of lower solar heat gains the “heat”-criteria (indoor air temperature >26° + sun is 
shining on the façade) for activation of the shading is less often met, resulting in more hours 
with a full view. For a high user satisfaction with smaller window areas it should be ensured 
that all windows are placed within the field of vision from the workplace, e.g. above parapet 
height. Daylight autonomy for the investigated window areas does not differ significantly, but 
it is interesting that for this configuration a window area of 60% provides the highest daylight 
autonomy. The lower value for 30% window area may be due to the smaller window, while 
the lower value for 100% window area might be caused by an increased amount of hours with 
activated shading.  
 
It is obvious that the window area of a room provides a large optimisation potential for 
comfort, which in combination with other parameters might help to avoid air-conditioning. 
  
3.5 Thermal mass 
Another important influence on comfort in offices is thermal mass, and different 
constructions of walls floor and ceiling “light”, “medium” and “heavy” are each resulting in a 
different thermal comfort classification. The more thermal mass, the better the resulting 
comfort as well as daylight autonomy and view, due the fact that the “heat”-criteria for 
shading activation is less often met. The problem with thermal mass in office walls is usually 
the required flexibility regarding a possible conversion of the layout with a tenant change as 
well as the fact that gypsum walls are less expensive than solid walls. The floor in larger 
office buildings is usually a false floor construction which is needed for cables and ducts, and 
suspended ceilings (acoustic or gypsum) are common as well. For this reason although it 
would have a significant positive effect on thermal comfort a heavy construction is hardly 
realistic in offices. To make nevertheless use of this effect, new thermal storage capacities 
like phase change materials might be helpful, as well as the question in how far the airflow 
might better reach the whole storage capacity of the room. 
 
 
3.6 Glazing 
The influence of the glazing is significant as well, and for the investigated configuration 
replacing thermal insulation glass by solar control glass would correspond to an improvement 
in thermal comfort classification from class IV to class II. However, solar control glass is 
considerably more expensive, and therefore thermal insulation glass is usually preferred. On 
the other hand, if by integration of solar control glass air conditioning can be avoided, those 
costs should be compared, and the glass might have the advantage of lower maintenance 
costs. 
 
 
 3.7 Facade design / air exchange rates 
Another influencing parameter for comfort in naturally ventilated offices, the placement of 
ventilation openings, is also a matter of façade design. Generally ventilation openings do not 
necessarily have to be windows, as their main function is to enable air exchange.  
 
For the investigated variations differences concerning air exchange, as observed by Richter et 
al, have direct impact on thermal and visual comfort. Variation 3 and 4 (one horizontal 
opening either in the upper or lower part of the facade) can be considered as equal regarding 
the air exchange rates, resulting in a very uncomfortable classification with more than 50% of 
working hours corresponding to class IV. The low air exchange leads to high indoor 
temperatures which results in the shading being activated about 30% of the working time, and 
this in turn causes a  poor daylight autonomy of about 50%. Variation 1 (one vertical window 
open) shows similar characteristics with better values, but thermal comfort still remains in 
class IV while daylight autonomy and view are improved for about 10% of the working time. 
Compared to these variations, number 2 (2 vertical windows open) is an improvement of the 
resulting comfort, leading to thermal comfort class III, a higher daylight autonomy and view. 
The most efficient variation is number 5, due to thermal buoyancy between the two openings. 
With this configuration thermal comfort class II can be achieved, resulting again in an 
increased daylight autonomy and view once again. 
 
Although transferability of the results to other geometrical configurations is very limited due 
to the variety of room specific influencing parameters on the airflow, the resulting air 
exchange rates give rise to the assumption that there might be an optimisation potential for 
other geometries as well. Additionally there are no data available for air exchange rates for 
the same room using cross ventilation, which would be another realistic option to improve 
thermal comfort without air conditioning. 
 
 
 
3.8 Office equipment 
The office equipment provides a large optimisation potential regarding thermal and visual 
comfort. This is exemplary demonstrated for the equipment configuration “high” which could 
e.g. represent an advertising agency or other users needing high performance devices. 
Regarding the profile for  “on”-, “standby”- and “off” –mode a high intensity of equipment 
use (“busy”) is assumed. With devices connected to the power supply beyond working hours 
this results in thermal comfort class IV and a  relatively low daylight autonomy of about 
60%. The same configuration but disconnecting devices from power supply at nights is an 
improvement but the thermal comfort classification still remains in class IV.  A similar 
configuration, but using notebooks instead of desktop computer and screen, results despite 
power connection of devices at nights and on weekends to a significant improvement in 
 thermal comfort class III, 7 % better daylight autonomy and 8% better view compared to the 
first variation. The same configuration with notebooks but without power connection of 
devices at night is another improvement, resulting in thermal comfort class II. 
 
Although changing task or intensity of use of devices is not an option in offices, it can be 
concluded that replacing standard desktop computers by more energy-saving ones or by 
notebooks is a helpful contribution to thermal comfort improvement. The resulting higher 
prices should be compared with lower running costs for energy consumtion as well as for 
cooling. Additionally disconnecting devices from the power supply could tip the scales for 
reaching a better comfort class. 
 
 
3.9 Lighting control 
The optimisation potential of artificial lighting is depending on the lighting system as well as 
on the control strategy. The more hours lighting is switched on the more important is an 
optimised lighting system in order to avoid negative influence on thermal and visual comfort. 
But vice versa for an optimised and dimmed lighting control, providing artificial light only 
when there is not enough daylight, the difference between a standard and optimised lighting 
system regarding the influence on thermal comfort is relatively small. That leads to the 
conclusion that active users or occupancy sensors combined with photo-controlled dimming 
or off-switches can essentially contribute to an improvement of thermal comfort and, by 
reducing the internal heat loads, improve view as well. But in case of automatic systems, 
presets should be chosen very carefully and manual corrective action should be allowed, as 
recent field studies showed that user acceptance of automatic control systems tends to be low. 
All lighting design concepts have to correspond to the requirements of DIN EN 12464-1, and 
the investigation showed that for larger rooms (group/open plan offices) it is easier and with 
lower lighting power to fulfil than for smaller ones (cellular office).  
 
 
 4 Cnclusions 
A detailed investigation of realistic input values for building simulation demonstrates a 
significant range of influence each parameter has on thermal comfort, daylighing and view. 
Especially if not only building related parameters like thermal mass or window area are 
considered, but also user related parameters like choice of office equipment and user 
behaviour.  
 
Compared to standard input values this offers a wider optimisation potential, and a careful 
combination of all parameters may help avoiding air conditioning in offices. However this 
potential can only be beneficial for a specific building, if parameters like building properties 
as well as needs of future occupants are considered already in early design stages. Especially 
regarding the choice of office equipment or the use of controls, this requires also a certain 
awareness of occupants which may not be ubiquitous nowadays.  
Although investigation is still ongoing some preliminary conclusions from the simulation 
results can already be drawn for the climate of Hamburg, Germany: 
- Rooms with north and west oriented facades provide more flexibility regarding the 
choice of building and user related parameters than south and east facing rooms.  
- Especially in rooms with south facing facades thermal comfort class II is difficult to 
achieve, if medium or high power desktop computers are used, and/or artificial 
lighting is switched on for the whole working day (=passive users). Additionally solar 
control glazing and high air exchange rates using the effect of thermal buoyancy 
would be required in order to ensure thermal comfort class II as well as an acceptable 
daylight autonomy and view. 
- Especially regarding future effects of climate change and related increase in 
temperatures, high internal heat loads should be avoided. In case this is not an option, 
energy consuming tasks should be placed on the north or west side of the building.  
- Thermal buoyancy between two ventilation openings (Façade variation 5) can 
approximately double the energetic efficient air exchange rate compared to two 
openings side by side. Although, from an architectural point of view, this may to some 
extent limit the flexibility of façade design, it is a very effective possibility to achieve 
thermal comfort in offices. Especially as the arrangement of windows or ventilation 
openings within a façade may have no or little impact on costs. 
- The impact of users or tenants concerning internal heat loads in offices may, 
depending on the specific configuration, be as important as the building related 
parameters defined by architects or engineers.  
- Thermal comfort should not be considered separately from daylighting and view. 
Shading devices and related control are the interface between thermal and visual 
comfort. In case of glare caused by the sky, there is hardly a chance to avoid the 
activation of shading. But in case heat is the reason for closing a blind, the hours with 
shading needed can be reduced by optimising internal heat loads and façade 
properties. Thus, daylight autonomy can be increased, running costs for artificial 
lighting will be lowered and the percentage of working hours with a satisfying view 
will improved.  
- Using realistic input data in building simulation revealed the wide range of influence 
each parameter has on thermal comfort, daylighing and view. This impact, which can 
not be reflected by using standard values recommended in norms and regulations, 
implies a significant optimisation potential for comfort in offices that might have been 
underestimated so far. Besides, easy to use simulation software often does not offer 
the possibility to take this effect into account. Due to the large potential for avoiding 
climatisation and at the same time reducing carbon emissions in offices, the 
 interactions of detailed building- and user- related parameters should be further 
investigated. 
  
 
5 Simulation software 
All simulations have been conducted with the simulation software „Primero-Komfort“, which 
is currently under development at HafenCity University Hamburg. It combines the 
capabilities of the simulation program EnergyPlus (thermal-, daylighting-, and shading 
investigations) with a user friendly interface targeted at architects/students etc. and is 
especially useful in early design stages. The values for air exchange rate and the probability 
for windows open have been calculated separately. The software will be available at the end 
of 2008. For more information please visit 
http://www.architektur.hcu-hamburg.de/03_personen/professoren/Dietrich/daten/primero-
comfort.pdf  or email to udo.dietrich@hcu-hamburg.de 
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